The most effective method of treatment of the patients at terminal stage of chronic kidney disease is the donor kidney allotransplantation. The main problem that determines the length and quality of patient's life remains to be chronic renal allograft dysfunction (RAD) [22, 24] . There are specific (immune) and non-specific (non-immune) variants of chronic RAD that is accompanied with injuries of the nephron glomeruli or channels [24] . Predominantly these are: antigen-mediated rejection, recurrent and de novo globulomerulon nephritis and nephotoxicity of immunosupressants [22, 24] which require specific therapy and differ in terms of the prognosis. From the clinical viewpoint, apart from differential diagnosis of the variants of RAD the active (potentially curable) phase of pathological processes in the renal allotransplantat (RAT) should be distinguished from the inactive one [18] .
of the blood serum and urine [16, 29] , low-molecular proteins [5] , cytokines [14, 20] as well as specific molecules produced in the kidneys [12, 23] .
Kidney disease manifests itself by the changed activity of serum enzymes [15] . At RAT pathology, as a result of pathologic glomerula filtration and inadequate reabsorption the enzymes can get into urine [16, 29] . However, issues of validation which serum or urine enzyme concentrations can give exact information about the presence of pathological process in the kidney, its localization and activity remain to be further explored. As has been noted, the preference has been given to the study of the lisosomal enzymes or their isoforms [29, 30] .
Cytokines are essential mediators of pathological processes in RAT [1, 9, 14, 20] . It has been found that serum and urine interleukin (ІL-2, ІL-8 and ІL-10) concentrations are indicative of the functional activity of various types of immune-competent cells, severity of inflammatory process at RAT and can have diagnostic and prognostic value [1, 9, 23] . At the same time opinions differ as to where one should better estimate interleukin concentrations at RAD: in the patient's peripheral blood or in the urine [9, 21] .
One of the methods of laboratory kidney function diagnostic is the estimation of blood concentration and urine excretion of the low-molecular proteins such as beta-2-microglobulin (β2-MG) [12, 31] . Such estimation can reveal respectively the degree of injury of the glomerula basal membrane of the glomerules and of the epithelium of the proximal channels [7, 10, 31] . According to some authors, measurement of blood serum β2-MG concentration compared to the glomerular filtration rate (GFR) is a more accurate estimation of the blood serum β2-MG compared to GFR, especially at its low meanings, allowing assess kidney function [7, 15] .
However the majority investigations of the non-invasive biomarkers of RAD are limited by early post-operational period and are aimed at diagnosis of acute rejection in renal transplant recipients [14, 16] . Only few authors studied the diagnostic value of changes in the enzyme activities [16, 30] , interleukin concentrations [1, 20] and serum/urine β2-MG [12, 15] concentrations in the patients with chronic RAD. Neither has been sufficiently studied the diagnostic value of combinations of various biochemical parameters [12, 16] . The published results of investigations are rather contradictory [21, 32] . Many methods used (for instance, moleculargenetic) are expensive [14, 17] for routine clinical diagnosis.
This work has aimed to establish additional characteristics of chronic RAD by using non-invasive biomarkers of the serum and urine: enzymes (alanine aminotransferase -ALT), aspartate aminotransferase -AST), gamma-glutamil transferase -GGT, alkaline phosphatase -ALP), N-acetyl-β-D-glucosaminidase (NAG), interleukins (IL-2, IL-8, IL-10) and beta-2-microglobulin (β2-MG).
Altogether 79 patients aged 16 to 59 years (47 men and 32 women) took part in our retrospective study. They had undergone kidney transplantation between 1997 and 2011 years at the Zaporizhzhia Regional Transplantation Centre. Average age of the patients was 38 ± 11 years. All RAT recipients included in this study received three-component immune suppressive therapy (calcinevrin inhibitor -takrolimus or cyсlosporin, micofenolat mophetyl and glucocorticoids). Study materials included blood serum, urine, case histories and ambulatory charts. The patients were divided into two groups: with stable satisfactory RAT function and with its chronic dysfunction. Clinically, chronic RAD was characterized by progressive worsening of transplant function that in most cases was associated with proteinuria and arterial hypertension [22] . RAT function was estimated from blood creatinine level (Table 1) and GFR which excellently correlated between each other (r = -0.85, p < 0.05). The GFR was estimated from the Cockcroft-Golt formula (Cockcroft D. W. 1976).
The average serum creatinine level was chosen as the criterion for ascribing patients to the first or second group (Table 1 ): 40 patients with creatinine level  150 μmol/l (1 st group) and 39 patients with creatinine level  150 μmol/l (2 nd group). Serum samples for measuring biomarkers concentration were obtained after blood centrifugation taken at fasting state in the morning. Serum samples for estimating enzymes activity were studied on the same day and serum samples for measuring interleukins and β2-MG concentrations were stored in the frozen chamber at 20 °С during no longer than 3 months. Urine samples were collected at morning hours (between 7 and 9 o'clock), kept at +4 °С during three hours and centrifuged at 3000 rev/min during 15 minutes. The urine prepared this way was examined on the same day (enzymes) or stored in the freezing chamber at 20 °С during no longer than 3 months (interleukins and β2-MG) [2, 7] .
Activities of the enzymes alanine aminotransferase (ALT, ЕС 2.6.1.2), aspartate aminotransferase (AST, ЕС 2.6.1.1), gamma-glutamil transferase (GGT, ЕС 2.3.2.2) and alkaline phosphatase (ALP, 3.1.3.1) The study groups of patients did not statistically differ by sex, age, posttransplantation term and type of immune suppressive therapy (Table 1) .
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At the same time, the inter-group differences between main laboratory indices of RAT function were highly statistically significant (Table 1 ) evidencing in the favor of proper division of the patients into groups. Moreover, blood serum creatinine versus GFR concentration showed better correlations with other RAT function indices, such as urine concentration (0.84 against r = -0.77) and proteinuria (r = 0.62 against r =-0.55), in all cases p < 0.05.
No statistical difference between study groups was found in the activity of any blood serum enzymes (Table 2) . No correlation between blood serum enzyme activities and RAT function indices was found either.
In the group of patients with chronic RAD such enzymes as ALP, GGT, АSТ and NAG in the urine significantly exceeded the enzymuria indices in the patients with satisfactory RAT function ( Table 2) . Notably, there was no correlation between activity of each enzyme in the serum and in the urine. Since, according to literature data [21] , the main source of above enzymes in the urine is the epithelium of the proximal channels of the nephron, we consider that enzymuria analysis can provide information about its injury level. Increase of the urine ALP and GGT activities may evidence about damage of brush border of the epithelium [7, 29] where these enzymes are predominantly localized and thus accompany all stages of injury of the epithelial cell. In contrast to ALP and GGT other two enzymes, NAG and АSТ, are localized intracellularly, in the lysosomes and mitochondria respectively [2, 21, 29, 30] . That is why increased activity of these enzymes in the urine is the sign of deep injury of the epithelial cells of the proximal channels of the nephron.
Indices of the activity of most enzymes in the urine correlated among themselves. Since the difference in the NAG activity between the compared groups was statistically greatest (Table 2) , we paid special attention to this enzyme. Correlation analysis allowed establish that NAG activity was associated with the activity of all other enzymes in the urine: АSТ (r = 0.47, p < 0.05), АLТ (r = 0.56, p < 0.05), GGT (r = 0.56, p < 0.05) and ALP (r=0.67, p < 0.05). In our opinion, these findings evidence about deep injury of the epithelium in the proximal kidney channels -dystrophy, necrobiosis and even channel necrosis [30] .
In the patients with RAD the IL-2 concentration was significantly higher compared to control group. Having in mind the known IL-2 functions as mediator of T-lymphocyte activation [11, 14, 19] , we assume that the reason of RAT function worsening in some patients was the T-mediated rejection [1] . According to the existing concepts about the pathogenesis of type 1 T-cellular-mediated rejection [11] , the recipient in the serum and urine samples were studied by the biochemical method using standard kits of reagents (Filisit-Diagnostika). Optical density was measured on the spectrophotometer "APEL" (Japan). The serum N-acetyl-β-D-glucosaminidase (NAG, ЕС 3.2.1.30) activity was not estimated because, according to literature data, NAG is ruined quickly and its activity in the blood is very low [2, 29] . NAG activity in the urine portions was estimated by the colorimetric method of A. A. Pokrovsky, et al. (1971) adapted by L. Ya. Migal, et al. [2] based on the р-nitrophenol amount that was formed in the course of its reaction with the substrate 4-nitrophenyl-N-acetyl-β-D-glucosaminide (Sigma, USA) [2] .
IL-2, IL-8, IL-10 and β2-МG concentrations in the serum and urine samples were measured using the solid-phase immune-enzymic analysis. For measuring of interleukins we used the standard kits of reagents (Vektor-Best, Russia). The β2-MG concentration was estimated using the kits of reagents (Orgentec Gmb, Germany).
The obtained results on the activity of enzymes, urinary concentrations of interleukins and β2-MG were re-estimated on the creatinine (CR) level assessed in the same urine portion [14, 16, 30] by means of the JaffePopper method with picric acid .
The normally distributed data were expressed by the mean value (M) and standard deviation (SD); for comparison of the results the Student t-test was used, and for assessment of the relationship between them the Pirson correlation coefficient (r) was used. The abnormally distributed data were expressed as medians and inter-quarter range; the significance of differences between the groups was assessed using the Mann-Whitney U-test; and for study of the interrelation between them the Spirman correlation coefficient (r) was used. Chronic RAT dysfunction based on the biomarkers concentration was detected using the method of monovariant and multivariant logistic regression. For estimation of the borderline levels of the activity of enzymes, interleukines and β2-MG concentrations and their diagnostic sensitivity and specificity we used the analysis of the curves of the operational characteristics (ROC-analysis). The area under the curve, its standard deviation and 95-percent statistically significant interval were assessed. The value of the indicator, at which the maximal number of patients was properly classified, served the borderline level for positive and negative results of the test.
The concentration of biomarkers marking the borderline level for decision-making was used to estimate indices of diagnostic informativeness of test accuracy [8, 26] .
Statistical analysis was performed using Statistica 7.0 Program (StatSoft Inc., USA). To construct ROC-curve and to estimate its parameters, the SPSS 15.0 Program (IBM, USA) was used. The level p < 0.05 was assumed as statistically significant.
All investigations were performed in keeping with the principles of the European Board Convention about the human rights and biomedicine. T-lymphocytes are capable to penetrate into the channels, discern donor HLA-antigens on the epithelial cells, get activated and release IL-2 [9] . The absence of any changes in the blood serum IL-2 concentration support this hypothesis (Table 3) . К In the patients with RAD, the blood serum IL-10 concentration was significantly higher compared with satisfactory RAT function (Table 3) , whereas its urine concentration value did not differ significantly (Table  3) . IL-10 is the cytokine of type 2 lymphocytes-helpers and its effects promote clonal expansion of B lymphocytes in the lymphoid tissue and their synthesis of immunoglobulines [11, 19, 22, 24] . As known, in this era of kidney transplantation the chronic antibody-mediated rejection is the main reason of chronic RAD [13] and, probably, this precisely variant of dysfunction evidences for increasing serum IL-10 concentration.
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Urine IL-8 concentration was significantly higher in the patients with chronic RAD (Table 3) while it was not detected in the blood serum. The source of urine IL-8 can be both local cell elements (vascular endothelium, epithelial cells and fibroblasts) and the hematopoietic cells (monocytes and lymphocytes) [23] . The published data show that highly probable reason of increased urine ІЛ-8 concentration is the inflammatory processes in the kidney of bacterial or viral etiology [27] . Urine IL-2 and IL-8 concentrations were interrelated (r = 0.49, p<0.05). This finding may indicate co-existence of several mechanisms of RAT damage in one recipient. Rather, the cause of chronic RAD in this case is combination of pyelonephritis and acute T-cell-mediated rejection described in the literature [11, 13] that has been showed in our previous investigations [3] . It is noteworthy that the primary is pyelonephritis that causes increase of allograft antigenicity provoking rejection.
Notes: NAG -N-cetyl-β-D-glucosaminidase, GGТ γ-gamma-glutamyl transferase, ALP -alkaline phosphatase, АSТ -aminotransferase, β2-MG -β2-microglobulin, IL -interleukins, Cr -creatinine, OR -odds ratio.
MARKER
In the patient group with chronic RAD, the blood serum and urine β2-MG concentrations were significantly higher (Table 2) . Serum β2-МG concentration statistically correlated to lesser degree with serum creatinine concentration (r = 0.51 p < 0.05), urine β2-МG concentration (r = 0.53, p<0.05), with GFR (r = -0.44, p < 0.05), proteinuri (r = 0.50, p < 0.05) and urine density (r = -0.41, p<0.05) allowing explain its increase by glomerular RAT pathology [5] at which the filtration process undergoes changes. At the same time, very weak correlation between β2-МG and creatinine allows assume that another cause of increased blood serum β2-MG concentration in the patients with chronic RAD was the increase of its extrarenal synthesis that was found earlier by other authors [31] .
Following kidney transplantation an increased serum β2-MG concentration may serve as the marker of acute rejection, ischemic RAT injury, cytomegaloviral infection and lympho-prolipherative disease [15] . Correlation analysis has shown interdependence between blood serum β2-МG and ІL-10 concentrations (r = 0.56, p < 0.05). In view of the literature data showing that β2-MG and IL-10 are secreted by the lymphocytes in the peripheral blood [1, 5, 11, 19, 31] , it is possible to assume that the cause of chronic RAD in this case is antibody-mediated rejection.
The cause of increase of β2-MG content in the urine can be both glomerular pathology and damage of renal channels at acute T-cellmediated rejection [25] , acute bacterial [28] or toxic nephritis [15] and chronic transplantation-caused nephropathy [5] . Urine β2-MG concentration slightly correlated with its blood serum concentration (r = 0.37, p < 0.05). At the same time the concentration of β2-МG was correlated with IL-8 (r = 0.45, p < 0.05), IL-2 (r =0 .72, p < 0.05), NAG (r = 0.62, p < 0.05), АSТ (r = 0.44, p < 0.05) and ALP (r = 0.49, p < 0.05) in urine that evidenced for damage of proximal channels of the allotransplant at which intracellular enzymes and locally synthesized cytokines enter urine and both suffer reabsorbtion. These observations indicate that the cause of increased urine β2-MG concentration is primarily the renal tubular-interstitial pathology.
Thus, urine IL-2, IL-8, β2-MG, NAG and АSТ concentrations and serum β2-MG and IL-10 allow to differentiate the patients with chronic RAD and satisfactory RAT function.
To assess chronic RAD predicators, the logistic regression analysis was used at the next stage of our study (Table 4) .
It has been established in the mono-variant model that the risk of chronic RAD development was probably related with urinary ALP and NAG activities, blood serum IL-10 concentration and blood serum and urinary β2-MG concentrations.
Only the biomarkers demonstrating statistically significant influence in the monovariant model were included to the multi-variant model. However, it was only NAG that had such influence on the probability of development of chronic RAD. It is known that epithelium of kidney channels is damaged at all forms of RAT pathology: either primarily, for instance, under influence of nephrotoxic medicines or, secondarily, for example, at glomerular or vascular pathology [7, 13, 22, 24] . Therefore it is quite natural that urinary NAG activity in large measure reflects RAT sufferings as it is resultant of all allograft injuring processes.
Predictive accuracy of the model at individual level was estimated by means of ROC-analysis (Figs 1, 2, 3 ; Table 5 ). Estimated were the meanings of only those biomarkers whose concentrations differed statistically among the groups.
Indices of the area under ROC-curves indicated excellent (> 0.8) and good (> 0.7) discriminate capacity, blood serum and urinary β2-MG concentrations (Figures 1 and 2 ) and urine NAG activity (Figure 3) . Thus, these biomarkers allow properly classify patients with satisfactory function and chronic dysfunction of the RAT. Urinary ALP activity and blood serum IL-10 concentration have median but statistically significant discriminate capacity (p < 0.05) ( Table 5) .
In order to assess the possibilities of using the data of the tests for obtaining additional characteristics of chronic RAD for each indicator we have chosen the borderline level at which the test will have maximal specificity in terms of identification of patients with chronic RAD. With the use of selected borderline levels for approval of the decision, we estimated the indicators of diagnostic informativeness of the biomarkers (Table 6 ).
The foreseeable value of positive result (FVPR) (Table 6) indicates that positive results of the tests for blood serum β2-MG and IL-10 and urinary NAG and IL-8 allow with high probability (> 80%) confirm the presence of chronic RAD.
The trustworthiness ratio values indicate that at the selected borderline levels the results of blood serum β2-MG and urinary NAG are most useful (PRTR 10); urinary IL-8 are useful (5 < PRTR < 10); and serum IL-10 (2 < PRTR  5) and urinary IL -2, β2-MG , ALP, АSТ and GGT are potentially useful.
The negative result of only one test -blood serum β2-MG -can be considered as useful (0.2 < NRTR  0.5) for exclusion of chronic RAD [8] .
Taken together, the results indicate that by assessing urinary enzyme activity and urinary interleukin and β2-MG concentrations and blood serum interleukin and β2-MG concentrations in the patients with chronic RAD it is possible to obtain additional information about the nature, localization and activity of the pathological process.
For instance, unlike the rise of blood serum creatinine concentration, the rise of blood serum and urinary β2-MG concentrations, although it does not indicate any pathological process activity, can evidence for prevalent damage of the glomerules (rise of serum β2-MG) or of the nephron channels (rise of urinary β2-MG).
Enzymuria and primarily increase of urinary NAG activity indicates: firstly, active phase of injury process, secondly, active phase of injury process and, thirdly, domination of injury over atrophy processes [6] . Probably, urinary NAG activity is the integral measure of RAT injury under influence of factors of various genesis and mechanisms of action.
Increase of urinary and blood serum interleukin concentrations can indicate the pathological process etiology. In particular, increased urinary IL-2 concentration can indicate acute T-cell-mediated rejection. High urinary IL-8 concentration can indicate nephritis of bacterial or viral origin. In our opinion, increase of blood serum IL-10 concentration is possible at chronic active antibody-mediated rejection [4] . 
